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Experimental 

Crystal data 

[Mo(C 14 H 12 N 2 0 4 )0 2 - 
(H 2 O)]-0.5C 10 H 8 N 2 
M r = 496.30 
Triclinic, PI 
a = 7.9237 (1) A 
b = 10.1869 (1) A 
c = 13.3215 (2) A 
a = 78.7841 (5)° 



Data collection 

Bruker SMART APEX 
diffractometer 

Absorption correction: multi-scan 
(SADABS; Sheldrick, 1996) 
T min = 0.649, r m „ = 0.746 



Refinement 

R[F 2 > 2a(F 2 )] -- 
wR(F 2 ) = 0.076 
5 = 0.98 
4445 reflections 
275 parameters 
24 restraints 



0.026 



P = 78.4605 (5)° 
y = 69.5728 (5)° 
V = 978.15 (2) A 3 
Z = 2 

Mo Ka radiation 
fj, = 0.72 mnT 1 
T = 100 K 
0.2 x 0.2 x 0.2 mm 



9175 measured reflections 
4445 independent reflections 
4266 reflections with / > 2a(I) 
«:„, = 0.019 



H atoms treated by a mixture of 
independent and constrained 
refinement 

A/w = 0.73 e A~ 3 

APmi,, = -0.72 e A~ 3 



The Mo VI atom in the title co-crystal, [Mo(C 14 H 12 N 2 0 4 )0 2 - 
(H 2 O)] 0.5C 10 H 8 N 2 , is CWO'-chelated by the deprotonated 
Schiff base and coordinated by the oxide and water O atoms in 
an octahedral geometry. The five-membered chelate ring is 
planar (r.m.s. deviation = 0.019 A), but the six-membered 
chelate ring is puckered (r.m.s. deviation = 0.108 A). Two 
mononuclear molecules are linked across a center of inversion 
by an O— H water - ■ O hydrogen bond; adjacent dinuclear units 
are linked by an water-4,4'-bipyridine O— H- ■ -N hydrogen 
bond, generating a linear chain structure. The 4,4'-bipyridine 
molecule is disordered over two positions in a 1:1 ratio. 

Related literature 

For a related Mo VI 0 2 -4',4-bipyridine adduct, see: Dinda et al. 
(2006). 




Table 1 

Hydrogen-bond geometry (A, °). 



D-H-A 


D—H 


H- ■ A 


D-A 


D-H-A 


01W-H11-N3 


0.83 (1) 


1.86 (1) 


2.689 (3) 


174 (3) 


Olw-H12- ■ Nl' 


0.84 (1) 


1.97 (1) 


2.794 (2) 


167 (3) 


Symmetry code: (i) — x - 


\-2,-y + \,-Z. 









Data collection: APEX2 (Bruker, 2009); cell refinement: SAINT 
(Bruker, 2009); data reduction: SAINT; program(s) used to solve 
structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine 
structure: SHELXL97 (Sheldrick, 2008); molecular graphics: X- 
SEED (Barbour, 2001); software used to prepare material for 
publication: publCIF (Westrip, 2010). 

We thank the University of Malaya (grant No. RG020/ 
09AFR) for supporting this study. 



Supplementary data and figures for this paper are available from the 
IUCr electronic archives (Reference: JH2290). 
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Aqua[A^-(3-ethoxy-2-oxidobenzyl-A:0)furan-l-carbohydrazidato- 
,0]dioxidomolybdenum(VI)-4,4'-bipyridine (2/1) 

N. K. Ngan, R. C. S. Wong, K. M. Lo and S. W. Ng 
Comment 

The Schiff bases that are synthesized by condensing salicylaldehyde (and its substituted analogs) with aroylhydrazides 
(and their substituted analogs) function as terdentate 0,N,0' -chelates to a wide range of metal ions. A large number of 
metal derivatives have been reported; in octahedral systems, the ligand generally exists as a doubly-deprotonated species 
that chelates in a fac manner. A dioxomolybdenum(VI) derivative is known in which 4,4'-bipyridine binds to two metal 
atoms (Dinda et al, 2006). In the present study, a furan-type of Schiff base leads to a water-coordinated derivative in 

which 4,4'-bipyridine interacts indirectly, through the water molecule, in an outer-sphere coordination mode. The Mo VI 
atom in the co-crystal, Mo02(H20)(Ci4Hi2N204)0.5CioHioN2, is O^O'-chelated by the deprotonated Schiff base and 
coordinated by the oxo and water O atoms in an octahedral geometry (Scheme I, Fig. 1). The five-membed chelate ring is 
planar [r.m.s. deviation 0.0 19 A] but the six-membered chelate ring is puckered [r.m.s. deviation 0.108 A]. Two mononuclear 
molecules are linked across a center-of-inversion by an 0-H water -0 hydrogen bond; adjacent dinuclear units are linked by 
an 0-H water - N4 4'_bipyridine hydrogen bond to generate a linear chain structure (Table 1). The 4,4'-bipyridine molecule is 
disordered over two positions in a 1 : 1 ratio. 

Experimental 

3 -Ethoxy salicylaldehyde (0.166 g, 1 mmol) and 2-furoylhydrazide (0.120 g, 1 mmol) were condensed in methanol (100 ml). 
The solution was heated to give a yellow coloration. The cool solution yielded the desired Schiff base as a yellow compound. 
The ligand (0.270 g, 1 mmol) and di(acetylacetonato)dioxomolybdenum(VI) (0.328 g, 1 mmol) were dissolved in heated 
in methanol for an hour. To the orange solution was added 4,4'-bipyridine (0.08 g, 0.5 mmol); heating was continued for 
another hour. The solution was fdtered and set aside for the growth of crystals, m.p. 495-497 K. 

Refinement 

Carbon-bound H-atoms were placed in calculated positions (C — H 0.95 to 0.99 A) and were included in the refinement in 
the riding model approximation, with U(H) set to 1.2 times U sq (C). 

The water H-atoms were located in a difference Fourier map and were refined with distance restraints of O-H 0.84±0.01 
and H -H 1.37±0.01 A; their temperature factors were refined. 

The 4,4'-bipyridine molecule is disordered about a center-of-inversion. The pyridyl ring was refined as two rings that 
shared common N and and C para atoms. As the occupancy refined to nearly 1/2, the occupancy was then fixed as 0.5. 
Carbon-nitrogen distances were restrained to 1.35±0.01 A and carbon-carbon distances to 1.39±0.01 A. The six atoms of 
each ring were restrained to lie on a plane. Attempts to refined the disordered atoms anisotropically led to non-positive 
definites; the eight disordered atoms were then refined only isotropically. 
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Omitted from the refinement owing to bad disagreement were these reflections: (0 0 1), (-6 - 6 2), (4 - 5 4) and (3 9 7). 



Figures 




Fig. 1. Thermal ellipsoid plot (Barbour, 2001) of Mo0 2 (H 2 0)(Ci4Hi 2 N 2 0 4 )0.5CioH 10 N 2 at 
the 70% probability level; hydrogen atoms are drawn as spheres of arbitrary radius. The dis- 
order in the 4,4'-bipyridine molecule is not shown. 
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Aqua[N'-(3-ethoxy-2-oxidobenzyl-KO)furan-1-carbohydrazidato- k N^OldioxidomolybdenurrKVD-^'-bipyrid- 
ine(2/1) 



Crystal data 




[Mo(C 14 H 12 N 2 O4)O2(H 2 O)]-0.5C 10 H 8 N 2 


2 = 2 


M,- = 496.30 


F(000) = 502 


Triclinic, PI 


D x = 1.685 MgnT 3 


Hall symbol: -P 1 


Mo Ka radiation, X = 0.71073 A 


a = 7.9237 (1) A 


Cell parameters from 8273 reflections 


b= 10.1869 (1) A 


6 = 2.5-28.2° 


c= 13.3215 (2) A 


|i = 0.72 mm 1 


a = 78.7841 (5)° 


T= 100 K 


(3 = 78.4605 (5)° 


Block, orange 


y = 69.5728 (5)° 


0.2 x 0.2 x 0.2 mm 


K= 978.15 (2) A 3 





Data collection 



Bruker SMART APEX 
diffractometer 

Radiation source: fine- focus sealed tube 

graphite 

co scans 

Absorption correction: multi-scan 
(SADABS; Sheldrick, 1996) 
r min = 0.649, J max = 0.746 
9175 measured reflections 



4445 independent reflections 

4266 reflections with I > 2a(7) 
RtM= 0.019 



A = -10— »10 

jfc = -13-»13 
/=-17-»17 



Refinement 



Refinement on F 
Least-squares matrix: full 
R[F 2 > 2a(F 2 )} = 0.026 



Primary atom site location: structure-invariant direct 
methods 

Secondary atom site location: difference Fourier map 
Hydrogen site location: inferred from neighbouring 
sites 
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2 H atoms treated by a mixture of independent and 

wR(F ) 0.076 constrained refinement 

s = Qgg w= V[o 2 (F 2 ) + (0.0474P) 2 + 1 .0897.P] 

where P = (F 0 2 + 2F 2 )/3 

4445 reflections (A/o) max = 0.00 1 

275 parameters Ap max = 0.73 e A~ 3 

24 restraints Ap min = -0.72 e A~ 3 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A 2 ) 
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Atomic displacement parameters 
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— U.UU40 yo) 


C8 


0.0235 (11) 


A A7/1/1 M 1 
U.UZ44 [l 1) 


A A111 (\ f\\ 

U.UZZ3 {\-\J) 


-0.0030 (9) 




A AA7C {Q\ 

U.UU /o y<5) 


A AAI^ /^CA 

U.UU30 yo) 


C9 


0.0230 (11) 


A A1 AO / 1 

0.03Uo (1Z) 


A A1 AO / 1 

U.U3U8 (1Z) 


0.0022 (9) 




A AAOO /A\ 

-u.uuoo (y) 


A AAA 1 / 1 A\ 

-u.uuyi (iu) 


CIO 


0.0195 (10) 


0.0425 (14) 


0.0272 (12) 


-0.0035 (10) 


-0.0025 (9) 


-0.0133 (10) 


Cll 


0.0204 (10) 


0.0371 (13) 


0.0209 (10) 


-0.0115(9) 




-0.0031 (8) 


-0.0061 (9) 


C12 


0.0185 (10) 


0.0252 (10) 


0.0203 (10) 


-0.0077 (8) 




-0.0053 (8) 


-0.0039 (8) 


C13 


0.0256 (12) 


0.0534 (16) 


0.0240(11) 


-0.0151 (11) 


0.0054 (9) 


-0.0122(11) 


C14 


0.0331 (14) 


0.0623 (19) 


0.0219(12) 


-0.0197(13) 


0.0026 (10) 


-0.0080(12) 
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C17 0.0435 (15) 0.0168 (10) O.i 



Geometric parameters (A, °) 




Mol— 06 


1.7007 (15) 


Mol— 05 


1.7093 (15) 


Mol— 03 


1.9262 (16) 


Mol— 02 


2.0270 (15) 


Mol— OIW 


2.2479 (15) 


Mol— N2 


2.2495 (17) 


Ol— C4 


1.364 (3) 


01— CI 


1.371 (3) 


02— C5 


1.313 (2) 


03— C12 


1.345 (3) 


04— Cll 


1.365 (3) 


04— C13 


1.431 (3) 


OIW— HI 1 


0.833 (10) 


OIW— H12 


0.837 (11) 


Nl— C5 


1.305 (3) 


Nl— N2 


1.398 (2) 


N2— C6 


1.291 (3) 


N3— CI 5 


1.288 (4) 


N3 — CI 9' 


1.291 (5) 


N3— C19 


1.371 (6) 


N3— CI 5' 


1.454 (4) 


CI— C2 


1.344 (4) 


CI — HI 


0.9500 


C2 — C3 


1.419 (3) 


C2 — H2 


0.9500 


C3— C4 


1.356 (3) 


C3— H3 


0.9500 


C4— C5 


1.448 (3) 


C6— C7 


1.447 (3) 


C6— H6 


0.9500 


C7— C12 


1.402 (3) 


O6— Mol— 05 


105.24 (7) 


O6— Mol— 03 


97.40 (7) 


05— Mol— 03 


103.06 (7) 


O6— Mol— 02 


93.86 (7) 


05— Mol— 02 


98.70 (7) 


03— Mol— 02 


151.84 (6) 


O6— Mol— OIW 


170.71 (7) 


05— Mol— OIW 


82.87 (6) 


03— Mol— OIW 


84.91 (6) 


02— Mol— OIW 


80.25 (6) 


O6— Mol— N2 


95.98 (7) 


05— Mol— N2 


157.48 (7) 


03— Mol— N2 


81.20 (6) 


02— Mol— N2 


71.99 (6) 



(16) -0.0094 (10) -0.0341 (13) 0.0040 (10) 



C7 — C8 


1.410 (3) 


C8 — C9 


1.379 (3) 


C8 — H8 


0.9500 


C9 — C10 


1.398 (4) 


C9 — H9 


0.9500 


C10— Cll 


1.389 (4) 


C10 — H10 


0.9500 


Cll — C12 


1.413 (3) 


C13 — C14 


1.509 (4) 


C13— H13A 


0.9900 


C13 — H13B 


0.9900 


C14 — H14A 


0.9800 


C14 — H14B 


0.9800 


C14— H14C 


0.9800 


C15— C16 


1.377 (5) 


C15— H15 


0.9500 


C16— C17 


1.376 (4) 


C16— H16 


0.9500 


C15'— C16' 


1.403 (5) 


CI 5'— HI 5' 


0.9500 


C16'— C17 


1.500 (5) 


CI 6'— HI 6' 


0.9500 


C17— C18' 


1.345 (5) 


C17— C18 


1.405 (6) 


C17— C17' 


1.487 (4) 


C18— C19 


1.386 (7) 


C18— H18 


0.9500 


C19— H19 


0.9500 


C18'— C19' 


1.389 (6) 


CI 8'— HI 8' 


0.9500 


C19'— H19' 


0.9500 


C8 — C9 — H9 


120.0 


C10 — C9 — H9 


120.0 


Cll — C10 — C9 


120.2 (2) 


Cll — C10 — H10 


119.9 


\^y 1 U 1 1 1 U 


1 1 y.y 


04— Cll— C10 


125.6 (2) 


04— Cll— C12 


114.2 (2) 


C10— Cll— C12 


120.2 (2) 


03— C12— C7 


123.18(19) 


03— C12— Cll 


117.5 (2) 


C7— C12— Cll 


119.3 (2) 


04— C13— C14 


106.5 (2) 


04— C13— H13A 


110.4 


C14— C13— H13A 


110.4 



sup-5 



supplementary materials 



Ul W — Mol — JNZ 


*7C A1 
/J.43 (0) 


r\A pit 111 in 

U4 — C13 — rl!3r> 


1 1 A A 
1 1U.4 


P/i f \ 1 pi 

U4 — Ul — CI 


1 AC CO ( 1 0\ 

IUj.jo (lo) 


p 1 /i pn uno 
C14 — C13 — rl!3r> 


1 1 A A 
1 1U.4 


PC P"> A ,f „ 1 

CD — <J2 — Mo 1 


110 a£ /1 q\ 

llo.yo (13) 


TJ1 1 A PI 1 111 in 

rl 1 3A — C 1 3 — rl 1 3r> 


1 AO £ 

IU0.0 


U 1 z — U 3 — Mo 1 


11/1 Cl /" 1 /I \ 

134. DZ (14) 


PI1 PI/1 LJ1/1A 

C13 — C14 — rl!4A 


1 AA C 


P 1 1 pi /i ■> 

CI 1 — U4 — U13 


1 lo.U (Z) 


pii pi/1 1 1 1 1 1) 
C13 — C14 — rl!4r> 


1 AA C 


Mol — Ol W — HI 1 


1 in a ( 1 o\ 
1ZU.4 (lo) 


TT1 /I A pi /| I I 1 ,1 T") 

rl 1 4A — C 1 4 — H 1 4r> 


1 AA C 


Mol — Ol W — H1Z 


no 0 / 1 n\ 
IZ0.0 (ly) 


PIQ p 1 /I TT1 /IP 

C13 — C14 — H14C 


1 AA C 


1 1 1 1 p* 1 yx f 0 1 0 
HI 1 — Ul W — H1Z 


1 1 A 1 /1 H\ 

1 1U. 1(1/) 


T-J1/1A P 1 /I UUP 

H 1 4 A — C 1 4 — H 1 4C 


1 AO ^ 

iuy.3 


/"^C Ml Ml 

CD — JN 1 — JNz 


1 AA 11/1 *7\ 
IUV.13 (1 /) 


III 1 T) PI/1 TT1/1P 

H 1 4r> — C 1 4 — H 1 4C 


1 AA C 


Co — JNZ — JN 1 


11C A*7 /"1 T\ 

11 j. y I (1 /) 


XT'} pi c p 1 r 

JN3 — Cl j — Clo 


11/1 A (A \ 

lZ4.y (4) 


Co — JNZ — Mol 


no 1 0 / 1 /i \ 
IZo. /o (14) 


Ml P 1 C I I 1 C 

JN3 — Cl j — HID 


in c 
11 f.J 


JN 1 — JNZ — Mol 


11C 1/1 /"1 1\ 

1 1 J.Z4 (1Z) 


p 1 /C pic 0 1 c 

C 1 0 — C 1 j — H 1 j 


1 1 *7 C 
1 1 I .J 


CI D — JN3 — ClV 


1 1 c O //I \ 

1 lo.o (4) 


p 1 -7 pi/ pi c 
C 1 / — C 1 0 — C 1 j 


1 1 A C ( A\ 

ny.j (4) 


pmi mq nci 
CIV — JN3 — CI J 


I 1 *7 1 p)\ 

II 1.1 (3) 


p 1 -7 pi/ 11 1 /: 

C 1 / — C 1 0 — H 1 0 


1 1A 1 

1ZU.Z 


PO pi p. 1 

Uz — CI — Ul 


1 1 A Ci /1\ 

HU.y (Z) 


pif p 1 Z 0 1 ^ 

C 1 j — C 1 0 — H 1 0 


1 1A T 

1ZU.Z 


PI pi I I 1 

Cz — CI — rll 


1Z4.J 


ClO — Cl j — JN3 


1 TA A (A \ 

1ZU.4 (4) 


Ul — Ul — rll 


1Z^. 3 


c 1 c tji c 

UIO — Ul J — rll J 


1 1 Q 8 

1 ly.o 


Cl— C2— C3 


106.6 (2) 


N3— C15'— HI 5' 


119.8 


CI— C2— H2 


126.7 


C15'— C16'— C17 


116.0 (3) 


C3— C2— H2 


126.7 


C15'— C16'— HI 6' 


122.0 


C4— C3— C2 


106.1 (2) 


C17— C16'— HI 6' 


122.0 


C4— C3— H3 


126.9 


C16— C17— C18 


115.8 (3) 


C2— C3— H3 


126.9 


C18'— C17— C17 1 


122.4 (3) 


C3— C4— Ol 


110.83 (19) 


C16— C17— C17 1 


122.2 (3) 


C3— C4— C5 


130.1 (2) 


C18 — C17 — C17' 


120.9 (3) 


Ol — C4 — C5 


119.02 (18) 


C18' — C17 — C16' 


117.6 (3) 


mi r5 07 


1 74 54 n q\ 


Cl / — Cl / — ClO 


117 9 (V\ 


JN 1 — C5 — C4 


1 1 n /:i /1 n\ 
119.02 (19) 


pin PIO p 1 -7 

CIV — Clo — Cl / 


119.3 (5) 


r^e r^/i 
— CD — C4 


1 1 ^ Ql ^1 0~\ 

115. 63 (16) 


pin pio 0 1 O 

C ly — C 1 0 — H 1 0 


1 A 

lzU.4 


\n /^/; /^"7 
JNz — Co — C / 


111 Tr n\ 

123.35 (19) 


p 1 -7 pio 0 1 0 
C 1 / — C 1 0 — H 1 0 


1 in a 


Ml /^/C TJ£ 

JNz — Co — Ho 


lit) T 

116. J 


TvTO P 1 A PIO 

JN3 — CIV — Clo 


lzl.9 (0) 


f^n u/c 
C / — Co — Ho 


1 1 0 1 
116. J 


mi p 1 a 1 1 1 n 

JN3 — ciy — my 


1 1 n 1 
119.1 


C12 — C/ — Co 


line 
119.5 (2) 


pi 0 pia 1 1 1 n 

cio — ciy — my 


1 1 n 1 
119.1 


pi 7 ci Cf\ 


1 71 4 0 s ! 

1ZZ.H ^z ^ 


CM P1 R' P1 Q' 

v. 1 / v 1 0 V, 1 y 


1 7(1 1 (A\ 

1 ZU. 1 f 


C8 — C7 — C6 


118.11 (19) 


C17 — C18' — H18' 


119.9 


C9 — C8 — C7 


120.7 (2) 


C19' — C18' — H18' 


119.9 


C9 — C8 — H8 


119.7 


N3 — C19' — C18' 


124.6 (4) 


C7 — C8 — H8 


119.7 


N3 — C19' — HI 9' 


117.7 


C8 — C9 — CIO 


120.0 (2) 


C18' — C19' — H19' 


117.7 


Uo — Mo 1 — Uz — C j 


A*7 1 0 /1 C\ 

y /.Zo (Id) 


p 1 1 r\A P11 pn 
C13 — U4 — Ul 1 — Ulz 


1 *7A /I 

1 /y.4 (Z) 


p\r ni„i Pil PC 

Uj — Mo 1 — Uz — Cj 


1 f /; /; c / 1 C\ 

-Ijo.oj (Id) 


pn pia p 1 1 p. a 

uy — u 1 u — u 1 1 — U4 


1 nn a 

1 / / .y (z) 


/"il A^„| Pil PC 

U3 — Mo 1 — Uz — Cj 


— lo.3 (Z) 


pn pin pi 1 pn 

uy — U1U — Ul 1 — UlZ 


-2.1 (4) 


Ol W — Mol — 02 — C5 


*7C /lA/'1/1^ 

—75.49 (14) 


A *"„ 1 / \ -) pi i P*7 

Mol — 03 — C12 — C7 


-32.0 (3) 


N2— Mol— 02— C5 


2.25 (14) 


Mol— 03— C12— Cll 


149.69 (17 


O6— Mol— 03— C12 


-66.0 (2) 


C8— C7— C12— 03 


-175.3 (2) 


05— Mol— 03— C12 


-173.64 (19) 


C6— C7— C12— 03 


5.3 (3) 


02— Mol— 03— C12 


46.7 (3) 


C8— C7— C12— Cll 


3.0 (3) 


OIW— Mol— 03— C12 


104.91 (19) 


C6— C7— C12— Cll 


-176.4(2) 
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N2— Mol— 03— C12 
C5— Nl— N2— C6 
C5— Nl— N2— Mol 
06— Mol— N2— C6 

05— Mol— N2— C6 
03— Mol— N2— C6 

02— Mol— N2— C6 
OIW— Mol— N2— C6 

06— Mol— N2— Nl 
05— Mol— N2— Nl 

03— Mol— N2— Nl 
02— Mol— N2— Nl 
OIW— Mol— N2— Nl 
C4— Ol— CI— C2 
Ol— CI— C2— C3 
CI— C2— C3— C4 
C2— C3— C4— Ol 
C2— C3— C4— C5 
CI— Ol— C4— C3 
CI— Ol— C4— C5 
N2— Nl— C5— 02 
N2— Nl— C5— C4 
Mol— 02— C5— Nl 
Mol— 02— C5— C4 
C3— C4— C5— Nl 
Ol— C4— C5— Nl 
C3— C4— C5— 02 
Ol— C4— C5— 02 
Nl— N2— C6— C7 
Mol— N2— C6— C7 
N2— C6— C7— C12 
N2— C6— C7— C8 

CI 2— C7— C8— C9 

C6— C7— C8— C9 

C7— C8— C9— CIO 

C8— C9— CIO— Cll 

CI 3 — 04 — Cll — CIO 

Symmetry codes: (i) -x+3, -y, -z+1. 

Hydrogen-bond geometry (A, °) 

D—H-A 
Olw— H11-N3 

Olw— H12-N1" 

Symmetry codes: (ii) -x+2, -y+l, -z. 



28.90(19) 04— Cll— C12— 03 -2.0(3) 

-177.34 (18) CIO— Cll— C12— 03 178.0 (2) 

3.9(2) 04— Cll— C12— C7 179.61(19) 

85.90 (18) CIO— Cll— C12— C7 -0.3(3) 

-113.6(2) Cll— 04— C13— C14 180.0(2) 

-10.70(18) C19'— N3— C15— C16 16.4(3) 

178.02 (19) C19— N3— C15— C16 4.2(3) 

-97.69 (18) C15'— N3— C15— C16 -89.7(5) 

-95.50 (14) N3— CI 5— CI 6— CI 7 6.3(3) 

65.0(2) C15— N3— CI 5'— C16' 76.3(5) 

167.90 (14) C19'— N3— C15'— C16' -12.7(5) 

-3.38(12) C19— N3— CI 5'— C16' -25.7(5) 

80.91(13) N3— C15'— C16'— C17 -4.0(5) 

0.5(3) C15— C16— C17— C18' -25.2(4) 

-0.4(3) C15— C16— C17— C18 -14.9(4) 

0.1(3) C15— C16— C17— C17 1 177.4(3) 

0.2(3) C15— C16— C17— C16' 82.9(4) 

-179.5(2) C15'— CI 6'— C17— C18' 18.8(6) 

-0.4(2) C15'— CI 6'— CI 7— CI 6 -70.2(4) 

179.28 (19) C15'— CI 6'— C17— C18 30.1 (5) 

-2.2(3) C15'— CI 6'— C17— C17 ; -177.6(3) 

179.02(17) C18'— C17— C18— C19 80 (2) 

-0.9(3) C16— C17— C18— C19 13.7(6) 

177.96 (13) C17 1 — C17— C18— C19 -178.5(5) 

-179.8(2) CI 6'— C17— C18— C19 -27.0(6) 

0.6(3) C15— N3— C19— C18 -5.3(6) 

1.3(3) C19'— N3— C19— C18 -76(2) 

-178.33 (18) C15'— N3— C19— C18 30.5 (6) 

177.65 (18) C17— C18— C19— N3 -3.8 (7) 

-3.8(3) C16— CI 7— CI 8'— CI 9' 22.4(7) 

10.2(3) C18— CI 7— CI 8'— CI 9' -95(2) 

-169.2(2) C17 1 — C17— C18'— C19' 179.8(5) 

-3.2(3) C16'— CI 7— CI 8'— CI 9' -17.4(7) 

176.2(2) C15— N3— CI 9'— C18' -19.5(7) 

0.8(4) C19— N3— CI 9'— C18' 95(2) 

1.9(4) C15'— N3— C19'— C18' 15.7(7) 

-0.6(3) C17— CI 8'— CI 9'— N3 -0.3(9) 



D — H H-A 
0.83 (1) 1.86 (1) 

0.84 (1) 1.97 (1) 



D-A D—H-A 
2.689 (3) 174 (3) 

2.794(2) 167 (3) 
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